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(57) Abstract: 



PURPOSE: A dielectric ceramic composite is provided to have various temperature 
compensation ranges, a fine structure without sintering and composition 
consisting of a metal oxide raw material. 

CONSTITUTION: A dielectric ceramic composite is described wherein Zn of ZnTi03 
is substituted for one selected from a group of Ni, Cu, Ba, Sr and mixture of Ni, 
Cu, Ba and Sr. The amount of Mg substituted with regard to the amount of Zn is 
0.175 to 0.25. The amount of one selected from the group substituted with regard 
to the amount of Zn is more than zero and less than 0.15. The dielectric ceramic 
composite having the element has a fine structure and dielectric property without 
sintering at a relatively low temperature of 1050 to 1200°C. 
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W£2f it MIS 



Sr? O / —J — T 



^ ^gg 2?Ilfg ^Sxll X^l ££M0j| Sff 32^, ^61 ^S0f2 gJ ^SFEIEOI Sfsfofgxjog £»afe ZnTbO 
ZnOI Mg2h Ni, Cu. Ba, Sr S! SSSS ^^£J^ £^EI£r CH^ 5fLf§ xl^E|{= H^mg ^2 

sie ¥d ss^i, °cn§ ssii oi e s&is ?i:M2f ?is mtim oig^ £^£!:?ioii wgsfe sxf ^moii^ ^ssf, 
ass* §j 01 g ^m^2\ n^mmJi 2^92 oioii ma> n^m cue ¥§£ 71^21 buikgoun *j§oi 
b ^mm at ^bs°s 5Hwgoi cHxii oh u^a 

ajyxjo^ Ail ^2X11^ 2^1 H^OilAH Oj£-PFXI J\^9\ s*ho^ A|§£I2 ah Oil S 12 UFO! HH (by- 

passing) , StM coupling) K OjEKf i I ter ing)S0| 3S0II/H 481 B£ fi«g Ail£f°» § B(coupl ing)sj^ , 

□i^ OiUPKfi Iters) ^ (resonators)M°] H^Hhg ^Xf°j X||£0ll AhSSO. 

0l£l» 4 3 (HI Afg£]^| 2|S ^ Q 2 :>I3 ^^o^^ ^ o 2 M^ (dje | ectr|c cons tant : &). yg ^2 £^ 
(dieletric loss : tan 6 ) fe^ MS 3l4Mqual i ty factor : Q) , yg §2 8921 S£ 31 4* (temperature 



l 



coefficient of capacitance : TCC)2f S£i ^Hf^2J ^^(temperature coefficient of resonant frequency : t,) 

01 W. 3 SHOW 12 XI 9 3f IIS 314; goi S^SCh MSgOII/H H^Er £Jil2j S?l(timing) 

U §£(tuning)2f H^Erg SIS Oil ¥2!£Cr£ §2§ S ESI 21 m& §9 3JI4*2r §2 S&F 3J 

^IU4*2| 2}§£0|Cr. ^61 If y (tuning)sl^OilAH SJ^2J ga^n^te BSE , a S ^ SH2] £sf2f SB 21 £ ^ 

^£f3(circuit environmental Q\ 6H 0H¥ &S8HOf8H2 IfiB 3^ 01 Oil CHS CUE EE^ ££Kcompensat ion) 01 4*&S 
CHOt- BO. 

SaiHI H^mg ffaa ££2i drS El El- U 01 M 31 ( BaT i0 9 , Ba 2 T i dOzo , BaTi 5 0J>„ ) , SPSOIE D(3B4 EIPU0IM3I 
[(Mg.Ca)Tia), ZST3I [(Zr ,Sn)TiG] , dFM mm EII^J=^rOIM3l [Ba(Zr„ 3 ^ 

s)0W, (Ca.Sr.BajZrftM. (Ca.Sr ) [(Li ,Nb)Ti]0 3 3l §g £3 ££:?r ^Oj£ 1 300-1 600 *C2j HSOIffl, CH5PU £3 SSI 
(sintering aids)M iPrSrXI S» h H}= £X r ^AH A|§i ^ »b *Sff 2*£2F ^2 Jr£! Xlfflff £SX|IB 

SPI WHO. 



IrdrAH, &}|2j S8I3 0II Sf&SKH B *92| Xffll 1050-1 150°C 2] blH3 tfg SEOIIAI 4:3312, MM 

£3£XII &0|£ xl DIAII^P^Sr ¥4*6* ^rXIffl , « OSel g^B ^H, blB^ 3 

^ttmm gs^2^ 3£fe ^£ m^s moia^m- sasi xhssoii hp. 



at as % 

e ttsrOrS a &»EIB0l ^^5j2g 5^£l^ ZnTiG §2] ZnOI ZngJ 1011 CHSrOI 0.175 LH XI 0.252] 

S Mg 2f, Zn gf 1011 CHSrOI 0 SP 3 2 0.15 0|8r2| gf©S Ni> C U, Ba, Sr ^ HM2J 5^o^ ^og^ tf 

B 1 mo 1 2| ^£f0^(Zn0)2f 1mol2| &»EI&(TiC)S EIB^OJH (ZnTiQ)e 3I^£& o^6 r :n , OIIOI-AK)!^ 

(A-site)2| 0 r 2(Zn)8 0r3L-||£(Mg) , ^s(Ca), brM(Ba), ^M^M(Sr), UU(Ni) £fe 0IS2I 5f2g xl^e! 

S, 0|5fOi|AHfe B BT9 0tl 2|ff DI-OI Bfilllr SSSI /dl»S|2| MAI 0||« £r£6 r 01 MP 6J/JI6MI ^§6 r :QXr BCI. 

oiae e ^S2i m^^se «aeo. ausss ai^^(^s 99.9%oi^)si aaojatzinc oxide; zno)^ ^seib 

(titanium dioxide; TIG), ^If QrZlUI^(MgO) , ^Sma(NiO). bJ»^MUI0IM(BaCC). B^^amOl M(CaCG) , ^§§1 
^em0|e(SrCft)« A|§6iaa. ^^2| tfSS S! ^aHIOlM Sae a§ V0IB^(deionized water)» XI ^3 

UOr M(zirconia bal I )M Ml AH 24AI2J- sd^4JIM olSD. g^OII 2wt%2| PVAbf9JCH ^g^S ^CH 

100mesh2J ^l(sieve)^ 98 MPa2| °^o^ ^gaFOj L|^B(dtsk)S AISi EfMSlD. HI £9 Al^ 

S 1050-1200°C0||AH 2|2| 4AIZ**| CH^I ^^^lOIIAH 300'C/hr2| ±{&*\HQ . 

01 21 ^01 HI 5 9 AHI Bl- °! ^ 2 ^1 S omia^m S«0I|AH2| ^A^PI ?|6H HP-8720C network analyzer 

S AFgafOi ^§6}S2Dj, ^2^4=^ Hakki -Coleman 21 ^21 (dielect r ic rod resonator ) S ^§6^01 

^^eE2| sa^HF^OIIAISI &m 3l^e r 01 ^m^P. M^^ll^2f gS^I^Cx,)^ ¥3fg SeSS^Ktransmission 
open cavi ty)S^^ ^§8r^P. 

0\&® OfOIB^m ^S^^OII 2j§[ ^ ^S2| ^ ^^g£0j| [[[§ ^S^^2| §i ^14^ * B£^I^B 0^2] S 1-7011 
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[3 1) 



(2m-«-^g«MT)TiQ3. M = Ni , x ^0-175, y = 0-0.15 2^2] ofo] * 



ir) 


y 

(mol) 




Q»f.(GHz> 


(T f :uom/r> 




0.00 


22.44 


12300 


-31 


1050 


0.01 


2352 


87700 


-23 


0.03 


23.90 


77300 


-19 




0.06 


24.46 


56000 


-11 




0.10 


25.82 


39000 


-5 • 


0.15 


26.82 


2800- 


♦7 


1100 


0.00 


24.21 


77800 


-45 


0.01 


24.34 


74300 


-40 


0.03 


25.38 


64500 


-25 


0.06 


26.68 


51600 


+7 


0.10 


27.92 


47700 


♦32 


0.15 


29.41 


47400 


+65 


1150 


0.00 


25.04 


55400 


-30 


0.01 


25.30 


51600 


-35 


0.03 


26.79 


42600 


-3 


0.06 


28.39 


33200 


+33 


0.10 


3.56 


25100 


+64 


0.15 


, 31.24 


38000 


+82 


1200 


0.00 


28.00 


24800+ 


+36 


0.01 


29.45 


23700+ 


+50 


0.03 


30.29 


22500+ 


+56 


0.06 


30.21 


20900+ 


+57 


0.10 


30.87 


33900 


+58 


0.15 


31.04 


31100 


+79 
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: * DI4:l(undersintered), Q\H\Um (michrocrack)g^ 
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^MoQ*] (Zm-,-yMBxM,)Ti03. M = Ni. x = 0.20. y = 0-0.15 2:^5} ^0] =l£ ;4 -ff 



*i*Hi(§10GHz) 





y 










(mo!) 




Qt»(GHt) 






0.00 


22.72 


117200 


-80 




0.01 


22.14 


64100 


-90 


1050 


0.03 


22.88 


88100 


-60 


0.06 


23.97 


68400 


-27 




0.10 


24.65 


55900 


0 




0.15 


26.07 


47200 


+27 




0.00 


23.61 


84300 


-60 




0.01 


23.77 


78800 


-56 


1100 


0.03 


24.26 


80400 


-36 


0.06 


25.37 


53200 


-17 [ 




O.IO 


2650 


53300 


♦10 




0.15 


27.79 


50100 


♦34 




0.00 


24.64 


71400 


-61 




0.01 


24.36 


57100 


-46 


1150 


0.03 


25.18 


64700 


-35 


0.06 


26.36 


47900 


-13 




0.10 


27.48 


50500 


+ 16 




0.15 


28.62 


47700 


+45 




0.00 


22.64 


53500 


-45 




0.01 


22.06 


51200 


-45 


1200 


0.03 


21.51 


50700 


-68 


0.06 


22.48 


52900 


-35 




0.10 


25.57 


48700 


+ 16 




0.15 


27.96 


48300 


+43 



IM 3] 



^A]oqo] (Zni-x-yMgxMyrnOs. M = Ni , x 2.0.225, y = 0-0.15 u}oj -ft. 



^^HKSlOGHz) 



(r) 1 


y 

(mol) 


U r > 


Q*fo(GHz) 


iit'vam/'C) 


1050 


0.00 


21.93 


125600 


-86 


0.01 


22.29 


113900 


-76 


0.03 


22.30 


94900 


-64 


0.06 


23.06 


76500 


-40 


0.10 


23.76 


59000 


-15 


0.15 


24.44 


37400 


+ 16 


1100 


0.00 


22.33 


135600 


-80 


0.01 


23.42 


98200 


-66 


0.03 


23.67 


87600 


-52 


0.06 


2450 


74500 


-38 


0.10 


25.10 


61100 


-7 


0.15 


2638 


55100 


+15 


1150 


0.00 


23.51 


91600 


-55 


0.01 


23.78 


82100 


-53 


0.03 


24.27 


72500 


-47 


0.06 


25.46 


59800 


-32 


0.10 


26.30 


49900 


-5 


0.15 


2638 


48700 


+28 


1200 


0.00 


21.17 


39800+ 


-55 


0.01 


2138 


39900+ 


-57 


0.03 


20.84 


38400+ 


-61 


0.06 


20.61 


39800+ 


-65 


0.10 


20.93 


40100 


-65 


0.15 


20.33 


47500 


-59 
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0|A|l2a(michrocrack)tf£B 



fS 4] 



^Alofl^ (Zni-,-yMgJ4y)Ti(b. M = Ni . x = 0.25, y = 0-0.15 ££^S} «>oJ 
*i^(@10CHz) 



3* -fr 



(r> 


y 

(mol) 


<£r> 


Q*fc,(GHz) 


(V-PonvT) 


1060 


0.00 


21.83 


120100 


-86 


0.01 


21.80 


100400 


-90 


0.03 


2153 


14200* 


-72 


0.06 


2238 


28200* 


-50 


0.10 


23.46 


15000* 


-36 


0.15 


23.80 


4100* 


-16 


1100 


0.00 


21.71 


128900 


-78 


0.01 


22.30 


116800 


-76 


0.03 


22.69 


98400 


-68 


0.06 


23.41 


77100 


-48 


0.10 


24.83 


62200 


-25 


0.15 


25.33 


52900 


0 


1150 


0.00 


22.17 


104300 


-75 


0.01 


23.32 


88500 


-62 


0.03 


24.00 


78700 


-54 


0.06 


24.21 


68300 


-40 


0.10 


25.33 


54200 


-15 


0.15 


25.95 


50800 


+4 


1200 


0.00 


21.19 


39800+ 


-69 j 


i 0.01 


21.04 


47000+ 


-62 


0.03 


21.00 


41800+ 


-61 


0.06 


20.49 


46100+ 


-58 


0.10 


20.34 


50500 


-55 


0.15 


20.93 


52700 


-60 
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fS 5] 
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^Al^]o] (Zm-x-yMgxM y )Ti03. M = Ni , x = 0.25. y = 0-0.15 2:^3 "Vol^Sl^ * 





y 


-8-^^ 






(XT) 


(mol) 


<£,) 


0*£p(GHz) 


ix,'vom/X:) 




0.00 


21.85 


124200 


-27 




0.01 


21.22 


66200 


-68 


1050 


0.03 


22.47 


45500 


-41 


0.06 


23.94 


32800 


-35 




0.10 


26.75 


18400' 


0 




0.15 


30.28 


12200' 


+45 




0.00 


22.73 


126500 


-64 




0.01 


22.93 


87300 


-62 


1100 


0.03 


23.80 


44600 


-37 


0.06 


25.83 


47600 


-18 




0.10 


29.08 


36200 


♦17 




0.15 


33.19 


32800 


+71 




0.00 


22.96 


93900 


-65 




0.01 


23.33 


90600 


-70 


1150 


0.03 


24.88 


27000 


-66 


0.06 


26.53 


38100 


-8 




0.10 


29.64 


36400 


♦21 




0.15 


33.74 


36000 


+76 




0.00 


2058 


39600+ 


-52 




0.01 


2256 


43000+ 


-47 


1200 


0.03 


2526 


52300+ 


-34 


0.06 


27.40 


38700+ 


0 




0.10 


30.19 


36900+ 


+21 




0.15 


34.15 


32900+ 


+60 
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S5 : * 0I£3 (undersintered) . 



□ l/dl2g(michrocrack)&^ 



IS 6) 



•S^oil?! (Zm^rMgJ4,)Ti03. M = Ba, x - 0.25. y - 0-0.15 2:-93 °}°13.S^ * 



(610GHz) 





y 








(TC) 


(mol) 


(t t ) 


Q*C(GHz> 






0.01 


21.29 


. 6900* 


-63 




0.03 


21.60 


5100* 


-65 


1050 


0.06 


21.09 


2300* 


-62 




0.10 


20.89 


1800* 


-52 




0.15 


17.71 




-31 




0.01 


2327 


74600 


-56 




0.03 


23.93 


69200 


-51 


1100 


0.06 


23.85 


50200 


-61 




0.10 


23.96 


51600 


-54 




0.15 


23.84 


36900 


-35 




0.01 


24.08 


64900 


-54 




0.03 


24.38 


36800 


-46 


1150 


0.06 


25.23 


22200 


-34 




0.10 


26.04 


15500+ 


-20 




0.15 


25.66 


44500 


-41 




0.01 


22.18 


27800+ 


-45 




0.03 


23.97 


30300+ 


-43 


1200 


0.06 


2530 


22500+ 


-27 




0.10 


2620 


14400+ 


-15 




0.15 


27.70 


4800+ 


-7 
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: * Ql^^(undersintered), 



□ l/dl28(michrocrack)tt£B. - 



fS 7 J 



(ZmW^gxMy)Ti03. M = Sr, x = 0.25, y = 0-0.15 2i<%£\ *\°}=L3_s$ -ft 
^^(flOGHz) 





y 








(r> 


(mol) 


<£,) 


Q-fo(GHz) 


(troom/TC) 




O.OI 


21.59 


5100« 


-56 




0.03 


22.69 


1700» 


-28 


1050 


0.06 


23.27 


1400* 


+29 




0.10 


23.41 




+83 




0.15 


25.66 




+200 




0.01 


23.56 


70200 


-42 




0.03 


23.81 


68400 


-60 


1100 


0.06 


' 24 .10 


48100 


-53 




0.10 


24.03 


52400 


-55 




0.15 


23.84 


37600 


-40 




O.OI 


24.07 


65000 


-48 




0.03 


26.20 


36400 


-25 


1150 


0.06 


2857 


28000 


+16 




0.10 


32.25 


19600 


+70 




0.15 


38.10 


14200 


+182 




0.01 


22.60 


29800+ 


-41 




0.03 


24.78 


36200+ 


-27 


1200 


0.06 


29.16 


24200+ 


+ 14 




0.10 


33.09 


19200+ 


*75 




0.15 


38.43 


14200+ 


+168 
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£> h £ : * 01^^ (undersintered) , 



□ |Ail^(michrocrack)g^, - 



^ ^soii mm n^nfg m\&^ zgms u\im ssej 1050 uui i2oo°coiiah ±m sxii 2*01 x\mm u\m\ 
a? ^2 n :>txi:n □ ^2 m&2.g.tz ^&mo\ 20.49 uui 38.75. mm dw^di 1,260 mxi 13.070(@ 

10GHz). G*f = 135,560 - 11,300 [GH2] §J g£J ^HF4^ S£ 31401- +200— 90ppr/°C 01 DL 



S^S 1. &m0\& ^slEieOI if^o^xno^ zmzitz ZnTiG e°l Zne Ni. Cu. Ba, Sr ^ ^ 

££J^ 22??£1 £^£11= 0\± 6rUS x\^§} ^§2? 6 r fe OrOIH^IIrg ^2^1 Ail ^ Q-j ' 

S^l* 2. HI1S0II £LOIAH, Zn gf 10il CHorOI, A|^£J^ £P| Mg2J ^01 0.175 Uj XI 0.25°] 2# ^S^^ S = 
OmiB^mg g £ S & § SSfll Ail£F°' 

3. XIMiJOil £10UH, 6P| Zn gf 1011 OI6K)l, Xl^tie 52§¥Ej £^£1^ 6rU2j §J0| 0 SCf 32 
0.15 0I6FOI 5§ m S o^ ftfc OFOIB^me ^2^1 A-j|r^°« 
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